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Abstract
It is impossible to keep pipelines free from defects in the manufacturing, installation and servicing processes. In 
this paper, pre-tension deformation was used to imitate the defects of the part of material and the effect of per-tension 
deformation to the tensional function of X60 pipeline steel was investigated by tension experiment. The results 
indicate that the per-tension deformation increased the σs and σb, reduced the malleability of the X60 pipeline steel. 
With the pre-deformation increase, the εf is increased but the σf is reduced obviously.
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1. Introduction
Oil and gas transmission pipelines have a good safety record and are a demonstrably safe means of 
transporting hydrocarbons. This is due to a combination of good design, materials and operating practices. 
However, like any engineering structure, pipelines do occasionally fail. One of the major causes of 
pipeline failures around the world is the mechanical damages such as dents, gouges, or a combination of 
both [1,2].
The defects can affect the safety of pipelines, and even depress their service life; may lead to enormous 
economic costs and jeopardize the surrounding ecological environments. There is a continuing tendency 
for damage-induced accidents in pipelines; consequently, appropriate assessment methods of the 
influence of damage on the safety of pipelines are needed. Mechanical defects might induce local stress 
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concentration, which can lead to the local stress exceeding the yield strength, and degrade the load 
capacity. Additionally, defects might reduce fatigue resistance and lead to premature fatigue failure [3,4].
In recent years, investigations on dents have mainly focused on the residual strength assessment of 
damaged pipelines, and the formulation of approaches for strength assessment used in practical 
engineering. The residual strength assessment proposed by Kiefner for a grooved pipeline has been 
formulated in the EPRG methods for assessing the damage tolerance and resistance of pipelines [5,6]. 
PRCI proposed an empirical Q factor model to assess the residual strength of pipelines with a groove plus 
dent defect; while British Gas established a fracture assessment model to deal with the same problem [7]. 
AGA formulated the residual strength of pipelines evaluation model for dented pipelines [8]. All the 
above approaches are mainly based on full-scale tests.
Today, the research on the influence of a defect on the fatigue life of a pipeline is developed. Fowler et 
al. [9] employed full-scale tests to evaluate the fatigue life of pipelines with dents and gouges subjected to 
cyclic internal pressure. Batisse et al. [10] studied the fatigue crack initiation criterion for the assessment 
of the residual life of gas transmission pipelines with defects of ‘gouge only’ or ‘gouge in dent’. Zheng et 
al. [11] proposed a local strain fracture model to predict fatigue crack initiation life and fatigue crack 
propagation life. A rational and quantitative formula for assessing the effect of a defect on the fatigue life 
of a pipeline with mechanical damage has been proposed. A dented pipeline is initially a crack-free 
component. Therefore, the total fatigue life of this dent can be divided into two parts: fatigue crack 
initiation and propagation [12,13].
In the present study, the pre-tension defamation is employed to study the effect of prestrain on the 
tensional function of X60 pipeline steel.
2. Experiments
2.1. Materials
The grade X60 pipeline steel was taken from a 914.4mm diameter pipe. The chemical composition of 
the materials is given in Table 1.  
Table 1 The chemical composition of the X60 pipeline steel (mass %)
C Mn Si P S Nb V T B Mo
0.07 1.29 0.27 0.011 0.005 0.04 0.04 0.03 - -
2.2. Pre-tension defamation tests
The thickness and the width of the initial gauge length of sample specimens were 4.8mm, 28 mm and 
140mm, which was shown in Fig. 1.
Fig.1. the specimen for pre-tension defamation tests（mm）
The pre-tension defamation testing was carried out on the universal testing machine model WDS-100,
and the stretching rate was 2mm/min due to the GB228-2002. The initial gauge length l0 can be obtained 
by Eq.1[14]:
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where A0 is the area of initial cross section of the specimen.
The degree of pre-deformation was measured by the elongation of the tensile tests and the pre-tension 
defamationδt was 5%, 10% and 15%:
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Where l is the gauge length of the specimen after pre-tension tensile test.
2.3. Tensile tests
The specimens after pre-tension defamation were processed to the tabular tensile specimens according 
to Eq.1, which was shown in Fig. 2.
Fig.2. the specimen for tensile tests（mm）
The pre-tension defamation testing was carried out on the universal testing machine model WDS-100 
too, and the stretching rate was 1mm/min due to the GB228-2002.
3. Results and discussions
3.1. Tensile stress strain curve
Shown in Fig.3 and Tab. 2 are the stress-strain curves and mechanical properties of X60 pipeline steel
after pre-tension defamation. Result showed that yield phenomenon exists in the stress-strain curve of 
X60 pipeline steel, by which obvious No. 1 and No. 2 yield point appeared in the drawn curve. It can be 
seen from the deformation that the X60 pipeline steel has high plasticity. 
Work-hardening effect of the pipeline steel appears obviously by the pre-tension defamation. The 
strength increases and the yield phenomenon disappear with the pre-tension defamation increased. On the 
other hand, the strain, uniform deformation and plastic deformation reduce with the pre-tension 
defamation δt increased.
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Fig.3 The stress-strain curves after pre-tension defamation
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Tab.2 Mechanical properties of X60 pipeline steel after pre-tension defamation
δt/% E/GPa σs/MPa σb/MPa δ/% ψ/%
0 198 471 543 20.05 65.20
5 198 542 571 17.96 62.63
10 198 587 608 12.56 55.87
15 198 601 618 8.87 49.02
It is related to the lots of dislocations moving according to the prestrain. At the end of the prestrain, 
most of the moved dislocations stay on the disorder, but there are still parts of dislocations in movability 
state. When reloaded, minor plastic deformation needs little mounts of dislocation movement. The parts 
of dislocations in movability state lead to the reducing of the initial yield stress. With the increasing of 
reload stress, the plastic deformation increases and the dislocations stayed on the disorder move too, 
which lead to the increasing of yield strength. Obviously, it is the typical manifestation of the 
Bauschinger effect.
3.2. Effects of prestrain on the fracture properties of the X60 pipeline steel
The fracture strength σf  and the fracture ductility εf  can be estimated by the material’s tensile 
properties:
)1( ψσσ += bf                                                    (3)
)1ln( ψε −−=f                                                                   (4)
Caused to the obviously necking phenomenon, the average fracture strength can be corrected by 
Bridgeman Formula [14,15]:
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where rf is the minimum radius while sample fracture, Rf is the radius outside necking zone.
The stress-strain of steel is coincident with Hollomon Formula:
n
pKεσ =                                                                               (6)
The work-hardening exponential n can be obtained by Eq.7:
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The fracture properties of X60 pipeline steel after pre-tension defamation are showen in Tab. 3. With 
the pre-tension defamation increased, the fracture strength σf increases and the fracture ductility εf and the 
work-hardening exponential n reduce.
Tab.3 The fracture properties of X60 pipeline steel after pre-tension defamation
δt/% σf/MPa εf/MPa n
0 898 1.056 0.077
5 930 0.984 0.062
10 949 0.818 0.059
15 921 0.674 0.056
3.3. Tensile fractography
Shown in Fig.4 is the tensile fractography of the X60 pipeline steel observed by means of SEM. it can 
be seen that its fracture was mainly dimple whatever the pre-tension defamation δt increased. Result 
showed that plastic deformation can be seen obviously during the tensile fracture of X60 pipeline steel.
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The fracture mechanism is the formation and growth of the microcellular and it can be seen the obviously 
microcellular in the bottom of the dimple.
(a) δt =0                                                 (b) δt =5%
   
    (c)δt =10%                                            (d)δt =15% 
Fig.4 The tensile fractography of X60 pipeline steel
4. Conclusions
From this study, it can be concluded that: the yield strength and tensile strength were improved and 
the strain, uniform deformation and plastic deformation were reduced with the prestrain of X60 pipeline 
steel. With the pre-tension defamation increased, the fracture strength σf is increased and the fracture 
ductility εf and the work-hardening exponential n are reduced. The fracture mechanism is formed by the
formation and growth of the microcellular. The typical characteristic of the fracture surface is dimple.
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